Fourier transform infrared (FTIR) spectra of materials were obtained as materials/KBr mixture pellets on an AVATAR 370 FTIR spectrometer from Thermo Nicolet.
Elemental analyses (EA) of C, H and N were carried out via a PE 2400 Series II CHN Analyzer.
The mass percentage of other elements were characterized by optical emission spectrometry (OES) with radial observation of inductively coupled plasma (ICP) using SPECTRO Arcos spectrometer.
Electron paramagnetic resonance (EPR) spectra were recorded on a Bruker EMX plus 10/12 CW (continuous wave spectrometer) equipped with Premium-X-band microwave-bridge. Quartz tubes with 3 mm i.d. (Bruker) were used to measure either powder-samples or corresponding toluene suspension, which was prior to measurement sonicated in ultra-sonic bath. The sample-containing tube was finally inserted into either ER-4102003 ST-LC (standard rectangular) or ER-4119001 HS-W1 (high sensitivity) cavity (both Bruker). The experimental g-factor was determined using a built-in spectrometer frequency counter and an ER-036TM NMR-Teslameter (both Bruker).
Aggregation structure of polymer was characterized via powder X-ray diffraction (PXRD) using Bruker AXS D8 Advanced SWAX diffractometer with Cu Kα (λ = 0.15406 nm) as a radiation source.
Porosity of materials was tested by nitrogen adsorption/desorption using a Autosorb iQ instrument with Helium mode. Samples for nitrogen sorption at 77 K were degassed at 120 °C for 24 h under vacuum (10 -5 Bar) before analysis. Brunauer-Emmett-Teller (BET) surface area (SBET) was calculated in relative pressure range (p/p0) from 0.05 to 0.35. Pore size distribution was calculated using NLDFT Model.
The small and wide angle X-ray scattering (SAXS/WAXS) measurements were performed using a Xenocs Nano-inXider-SW, with a microfocus X-ray tube with a copper target.
The morphology of samples was characterized using scanning electron microscopy (SEM) on Nova NanoSEM 450 microscope from FEI. Energy-dispersive X-ray spectroscopy (EDX) was examined using EDAX Metek Octane Pro Detector.
Transmission Electron Microscope (TEM) images and selected area electron diffraction (SAED) were performed on a JEM-1011 instrument (JEOL) by operating at 80 kV accelerating voltage with a spherical aberration coefficient of 5.6 mm. Images were recorded on VELETA-sidemounted TEM CCD (charge-coupled device) camera with a resolution of 2K x 2K.
Optical properties of polymer were obtained by solid state UV/Vis measurements on Cary 6000i UV-Vis-NIR spectrometer from Agilent, and solid state fluorescence measurements recorded on Fluorolog FL3-22 fluorometer (Horiba-Jobin Yvon). Luminescence quantum yields were determined absolutely using the commercial integrating sphere setup Quantaurus-QY C11347-11 from Hamamatsu. Thermogravimetry analysis (TGA) was carried out on Setsys Evolution 18 thermal analyzer from Setaram under air and nitrogen atmosphere with the heating rate of 10 o C/min.
Synthesis of 1,3-Bis(4-bromophenyl)prop-2-en-1-one (1)
Preparation procedure was a modified method based on two relevant literatures. 1 
Synthesis of 2,4,6-tri(4-bromophenyl)pyrylium tetrafluoroborate (2)
Preparation procedure was a modified method based on three related literatures. 3 
Section S4. Procedure for synthesizing phosphinine model compound (PMC).
Procedure ( Figure S20 ) is similar to the Suzuki-Miyaura coupling polymerization. 8 peaks of benzene-d6. The spectra were shown in Figure S21 , S22, 4e, and 4f.
According to mass, 1 H NMR and 31 P NMR spectra, the structure of model compound after purification (PMC) was confirmed. 13 In 31 P NMR spectrum of crude PMC (PMC-C), the signal at δ = 68.22 ppm is characteristic for λ 5 -phosphinine, 15 and it can be further confirmed by comparison with the only one signal in 31 P NMR spectrum of PMC (Figure 2c ). Another signal at δ = 28.29 ppm in 31 P NMR spectrum of PMC-C is corresponding to the signal of remaining Ph3PO ( Figure S24 ), which is always formed during the decomposition of Pd(PPh3)4 catalyst. All the evidences revealed CPF-1 is a more completely polymerized framework structure than CPF-1-48h. In 31 P MAS ssNMR spectrum of CPF-1-48h, the intensity of phosphorus peak assigned to Ph3PO are much lower than that in CPF-1, which revealed that a more complete framework structure will trap more Ph3PO in polymer Table S5 . wt% ratio of elements detected by EDX (from detected spots in Figure S26 ). EPR discussion for monomer 4 and CPF-1.
Items

Methods of Computation
The DFT computations were performed within the Gaussian 09 quantum chemical package (version D.01). 18 The geometry of monomer 4 radical cation was optimized at the B3LYP/6-31+G(d,p) level. The EPR parameters such as g-factor and hyperfine coupling constants, A, were calculated by the PBE0/EPR-III(C,H,O)/IGLO-III(P)/Def2-TZVP(Br) [19] [20] [21] [22] [23] using the conducting polarizable continuum model (C-PCM) 24 for toluene.
Simulations of the ERP spectra were acquired with the MATLAB toolbox EasySpin v. 5.2.13.
by least-square fitting to an experimental spectrum using a combination of Nelder-Mead simplex and particle swarm algorithms. 25 Instrumental parameters such as microwave frequency, central field, sweep-width, number of points and modulation amplitude were included in the simulation Figure S31 shows the EPR spectra of monomer 4 radical cation in powdered form (a) and in toluene suspension (b). Both spectra display an intensive doublet and no additional signals in the range of g = 1.6 to 12.0 were found. Taking into account the DFT calculations as well as simulation of the EPR spectra the doublet corresponds to hyperfine coupling/splitting coming from 31 P nucleus (with the average values A = 66 MHz, a = 2.36 mT). It confirms that the highest spin density is localized on central phosphinine moiety as also shown in Figure S32 . This is confirmed by the DFT computed NBO spin population analysis, as well. The total spin population on phosphinine-part reads 0.65041 (including population on phosphorus atom reaching the value of 0.04412, see also Table S8 ). EPR spectrum of polycrystalline monomer 4 and polymer CPF-1 are shown in Figure 4a together with simulations of their corresponding radical cation. Both spectra display rhombic symmetry (simulation parameters are summarized in Table S6 ). For the EPR simulation we did not consider the additional hyperfine coupling/splitting from protons, because DFT calculation shows that there are nine groups of equivalent 1 H nuclei, which have rather different A-values (Table S7 ). Therefore, also taking into account the anisotropy, this will significantly increase the degrees of freedom and would bring higher uncertainties into the EPR simulations. However, the EPR spectra of polycrystalline samples can be successfully simulated considering just the hyperfine coupling/splitting from phosphorus 31 P (Table S6) , because this shows the highest A-value by DFT calculations (Table S7) . Additionally, no signals, which would point to interaction of adjacent paramagnetic centers (radical cations), forming a triplet electronic configuration, were not observed. Therefore, the majority of our paramagnetic centers are in doublet state (λ 5 -phosphinine radical cations) isolated from each other, like it was already reported elsewhere. 26, 27 Figure S32 ). Table S8 . Natural bonding type orbital (NBO) spin populations of relevant atomic groups in radical cation of 4 calculated by DFT (numbering of atoms, see Figure S32 ). Aerobic oxidation of benzyl alcohol catalysis experiment: 28 20 mg CPF-1 were dispersed in 1 mmol benzyl alcohol/ 10 mL ACN solution in a round bottom one-neck flask. 60 mL air was bubbled into ACN solution by needle/syringe to increase the oxygen concentration in solution, and then the flask was sealed with stopper/ Teflon. The suspension in flask was heated to 80 o C with continuous stirring at 500 rpm. After specific-hours reaction, samples were collected by syringe and filtered. 1 H NMR was adopted to test the components in solution. However, no benzaldehyde was detected after 120 h.
Discussion
Photocatalytic hydrogen evolution experiments for hydrogen was detected using Labsolar-III AG system from Beijing Perfect Light Company, consisting of four parts: a circulation line, a reactor, a vacuum section, and a control panel. Temperature controller kept the temperature at 25±1 o C. The reactor was filled with 20 mg of catalyst, 90 mL deionized water and 10 mL triethanolamine (10%) and H2PtCl6 (3wt%Pt) (note: we also handled experiment without adding H2PtCl6), degassed and then irradiated with a PLS-SXE300c 300W Xe lamp with cut off filters (wavelength 380 -780 nm), or without cut off filters (wavelength 300-2500 nm). Pressure vs. time profile was recorded and was converted to volume vs. time. The obtained gas was injected into GC7900 gas chromatograph (GC) to determine the volume%, and the amount of evolved H2 in µmol was calculated from the volume. The red lines are corresponding linear curves for the calculation of hydrogen evolution rate.
